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Abstract 
The performance of health care systems can be assessed through specific outcomes such as life expectancy. In the paper we aim 
to identify significant differences over time in life expectancy of world countries. We analyse a sample of 193 countries grouped 
by income level and by geographic region. The results show that life expectancy increased in the last two decades, although there 
are important variation among countries. These findings highlight that health policy-makers should be concerned with regional 
features of health systems and the need for convergence of health systems goals. 
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1. Introduction 
The importance of health care system for an economy is crucial due to the impact that the access to health care 
Bloom, 2003; Ramesh & Mirmirani, 2007). The ultimate goal to which societies expect 
Murray & Evans, 2003). Thus, the analysis of the 
performance of health systems in attaining this objective becomes of great importance for all political and 
managerial decision-makers on the health care system. During the last two decades, many countries have introduced 
reforms aimed at improving health system performance (Collins et al., 1999). 
The assessment of health care system performance is difficult because the definitions of the health system, its 
boundaries and the indicators used vary from country to country and are related to different societal values (Murray 
& Evans, 2003). Moreover, the evaluation of the impact of health care reforms is complex because the outcomes of 
the health system are diverse (DeRosario, 1999).  
Previous studies on the international comparison of the health systems performance focused on the analysis of 
health spending, access to services and the outcomes, for a group of countries, such as OECD countries (Schieber et 
al., 1991; Anderson, 1997; Anell & Willis, 2000; Anderson & Hussey, 2001, Joumard et al., 2010). The analysis of 
the performance of the USA health system underlines the issue of increased health expenditure while the population 
health status is lower than in other countries (Carey, 2009). The high proportion of uninsured is an important 
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determinant of inequalities in health status of the population in USA, Mexico and Turkey (OECD, 2010). There are 
also studies focusing on the comparative analysis of the performance of national health services and social security 
systems in Western Europe countries (Elola et al., 1995). In many studies, the outcome indicator used to measure the 
performance of a country  is life expectancy (Nixon & Ulmann, 2006). Generally, life expectancy 
varies by country due to specific development conditions, and also by gender (Joumard et al., 2008). 
In the paper, we aim to assess the health systems performance by analyzing life expectancy at birth for the 
population of the World Health Organisation Member States, grouped by Gross National Income per capita and by 
geographic region. Data are collected at three time points: 1990, 2000 and 2009. We aim to identify the change in 
life expectancy level as expression of the health care systems performance over time conditioned by income level 
and geographic regions. 
the same life expectancies as a consequence of each considered factor and of the interaction between the factors. 
2. Data and method 
2.1. Sample and data 
In the paper, we analyse life expectancy at birth for the World Health Organisation (WHO) Member States. Life 
expectancy is observed at three different time points: 1990, 2000 and 2009. Life expectancy is an indicator that 
provides a comprehensive summary of the current status of national health and health systems (WHO, 2011).  
The WHO member states are classified by geographical region into six regions: African Region (46 states), 
Region of the Americas (35 states), South-East Asia Region (11 states), European Regions (53 states), Eastern 
Mediterranean Region (21 states), and Western Pacific Region (27 states).  
The countries are also grouped by income level. 
countries by income group according to 2008 Gross National Income (GNI) per capita. The four income levels are: 
low income (975 or less), lower middle income ($976 3,855), upper middle income ($3,856 11,905), high income 
($11,906 or more). The distribution of countries by the four income groups is: low income group (43 states), lower 
middle income group (54 states), upper middle income group (47 states), high income group (49 states). 
The data source is the World Health Statistics series that is the -related data 
for its 193 Member States (WHO, 2011). 
2.2. Method 
In order to analyse of the variation of life expectancy under the influence of grouping factors and time, we 
applied the repeated-measures ANOVA. The dependent variable is life expectancy observed over time. The 
observations at country level were repeated three times. In the analysis we have two predictors that are the grouping 
variables. These factors are the geographic region (6 regions) and the income group (4 groups). Therefore, the 
within-subjects variation of life expectancy is explained by the factor time, while the between-subjects variation of 
life expectancy is explained by the grouping variables, income level and geographic region. The subjects in our 
study are the countries.  
The repeated-measure assumptions concern that time intervals are equally spaced, the dependent variable is 
normally distributed, the compound symmetry or sphericity and no missing data (Field, 2005). The compound 
symmetry assumption implies that the variance of the dependent variable is the same at each time point and that the 
correlations between repeated measurements across time points are equal. This assumption is tested using 
 In the case when this assumption is violated, an adjustment value, called epsilon, is 
needed in order to calculate an appropriate adjustment to the degrees of freedom of the F-test. The lower-bound 
epsilon value represents the most conservative approach possible and it takes the reciprocal of the degrees of 
freedom for the within-subjects factor (Field, 2005).  
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Repeated-measures effects were obtained using GLM Repeated Measures procedure in SPSS, using a 6 x 4 
factorial repeated-measures ANOVA design. This procedure allowed us to test both the between-subjects and 
within-subjects effects, and to investigate the interactions between the factors. 
3. Results 
3.1. Time effect  
We identified that life expectancy level changed over time, independent of the geographic region and the income 
level. Significant differences between time points are expressed through the within-subjects effects (Table 1). The 
within-subjects effects are validated by the multivariate F test. Because the sphericity assumption is not met (the 
 test is very small, Sig.=0.000), we used the lower bound epsilon 
correction. The revised results for the time effect test show that the change in time of life expectancy is significant 
(Sig.=0.000). Therefore, there is an effect of time on life expectancy. 
 
Table 1. Tests of within-subjects effects 
 
Source Type III Sum of Squares df Mean Square F Sig. 
Time 884.745 1 884.745 71.674 .000 
Time * Region 169.562 5 33.912 2.747 .020 
Time * Income_group 75.420 3 25.140 2.037 .111 
Time * Region  *  Income_group 130.490 13 10.038 .813 .646 
Error(time) 2110.839 171 12.344     
Source: Own data processing with SPSS. 
Furthermore, the results show that the interaction between time and the grouping variable geographic region is 
statistically significant (Sig. =0.020), while the interaction between time and the grouping variable income level is 
not significant (Sig. =0.111). Thus, the geographical region has a significant effect on life expectancy over time, 
 
3.2. Geographical region effect and income level effect  
We noticed that life expectancy varies over time between groups of countries defined by geographic region and 
income level. The results for the between-subjects effects show that the group effect is significant (Table 2). Both 
grouping factors, income level and geographical region, explain the variation in life expectancy.  
 
Table 2. Tests of between-subjects effects 
 
Source 
Type III Sum of 
Squares df Mean Square F Sig. Partial Eta Squared 
Intercept 1146572.121 1 1146572.121 23168.116 .000 .993 
Region 6667.650 5 1333.530 26.946 .000 .441 
Income_group 5147.915 3 1715.972 34.674 .000 .378 
Region * Income_group 2215.362 13 170.412 3.443 .000 .207 
Error 8462.657 171 49.489       
Source: Own data processing with SPSS software 
3.3. Interaction effect  
There is a significant interaction effect of the two grouping factors, so the groups differ in their response over 
time. The partial Eta squared values in Table 2 show that geographic region explains 44.1% of life expectancy 
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variation, income level explains 37.8% of life expectancy variation, while interaction between the two factors 
explains 20.7% of the variation. 
3.4. Groups profile 
The results obtained show that, overall, life expectancy increased between 1990 and 2009, for all groups of 
countries, the time effect being significant. Time variation has specific features under the influence of geographical 
region and income level. 
The effects of the two grouping factors, income level and geographic region, may define the profiles of the 
groups of countries. For this purpose, we obtain the model-estimated means of life expectancy at each of the three 
time points for the studied groups defined by geographical region and by income level. The estimates of the mean 
life expectancy are presented in Table 3. The data by column in Table 3 represent the profile by geographical region, 
and the data by row in Table 3 represent the profile by income level. 
The profile for regions shows that life expectancy is the highest for the European countries and the lowest for 
African countries. The variation in time of life expectancy for the six geographical regions is not the same, as we 
saw, the region effect is significant. Over the 20 years, life expectancy increased from decade to decade in five of 
the six regions (European Region, Western Pacific Region, Regions of the Americas, Mediterranean Region and 
South-East Asia Region). We notice the convergence in life expectancy for these five regions over the time. An 
exception is African Region for which the trend of life expectancy decreased between 1990 and 2000 and increased 
steadily afterwards.  
The profile by income group shows that life expectancy is different among the groups of countries defined 
according to the income level, in all the 3 time points. The high income group and upper middle group are an 
exception, with the same start value in 1990, but with a larger increase in life expectancy over time for countries 
with high income. High income countries have the highest life expectancy, while low income countries have the 
lowest life expectancy. Also, we notice that, for each of the four income groups, the trend over time of life 
expectancy is upward (Total column in Table 3).  
 
Table 3. Estimated marginal means of life expectancy 
 
Income group Time 



















1990 50.310 50.000 58.750 64.667 50.000 58.000 55.288 
2000 50.897 55.000 62.750 65.000 52.333 62.667 58.108 
2009 54.586 62.000 66.500 67.667 54.667 65.333 61.792 
Lower middle 
income 
1990 56.111 66.556 60.000 66.571 63.700 64.083 62.837 
2000 52.889 69.333 64.714 67.571 66.300 66.167 64.496 
2009 55.333 71.222 68.429 68.857 68.500 68.250 66.765 
Upper middle 
income 
1990 65.143 71.000 .(a) 70.385 68.500 68.667 68.739(b) 
2000 61.714 73.421 .(a) 70.692 71.000 68.667 69.099(b) 
2009 64.571 74.842 .(a) 72.615 73.000 70.333 71.072(b) 
High income 
1990 49.000 72.667 .(a) 75.367 71.667 75.167 68.773(b) 
2000 52.000 73.833 .(a) 77.533 74.167 78.500 71.207(b) 
2009 53.000 76.000 .(a) 79.900 75.667 80.833 73.080(b) 
Total 
1990 55.141 65.056 59.375(b) 69.247 63.467 66.479  
2000 54.375 67.897 63.732(b) 70.199 65.950 69.000  
2009 56.873 71.016 67.464(b) 72.260 67.958 71.188  
(a) This level combination of factors is not observed, thus the corresponding population marginal mean is not estimable. 
(b) Based on modified population marginal mean 
Source: Own data processing with SPSS software 
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We observe a more accelerated increase in life expectancy in low income countries which may provide the 
convergence in life expectancy for the four groups of countries. At the moment, there still remains an important gap 
in life expectancy among the world countries. 
Conclusions 
The analysis shows that life expectancy, as indicator of health systems performance, varies in time within each 
country, and between-subjects grouped by geographical region and income level.  
The differences between the regions and the interaction between time and geographical region show that there are 
many issues that health policy-makers should consider in order to achieve better health outcomes in a particular 
region. The persistence of life expectancy variation by geographical regions and income level imposes the necessity 
to take actions with the aim to solve a wide range of problems that account for health inequalities among world 
countries. 
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